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TECHNICAL NOTE
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Polymerase chain reaction detection of Puumala virus RNA pulmonary syndrome” (HPS), became a serious public
in formaldehyde-fixed biopsy material. health problem in North and South America. Several
Background. Infections with hantaviruses, mainly Clethrio- new hantaviruses have been isolated or at least identifiednomys-derived Puumala viruses, are known causes of acute
and characterized by molecular methods from differentrenal failure [hemorrhagic fever with renal syndrome (HFRS)]
in western Europe. Laboratory diagnosis is primarily based on rodent species worldwide [1, 2]. Their ubiquity and po-
serology. At the time of clinical symptoms, viral RNA can tential for causing severe human diseases make hantavi-
hardly be detected in the blood or urine, indicating that poly- ruses prototypes of emerging/re-emerging human patho-merase chain reaction (PCR) is of little diagnostic value for
gens [3].these infections. Biopsy material is usually formaldehyde-fixed
and, thus, regarded as poor quality for PCR applications. The Hantaviruses are rodent-borne, negative-stranded
aim of this study was to establish a technique to retrieve such RNA viruses that belong to the hantavirus genus of the
material for laboratory diagnostic. Bunyaviridae family. Their genome consists of three seg-Methods. Formaldehyde-fixed, paraffin-embedded kidney
ments, with the L (large) encoding the viral polymerasebiopsies of 14 patients with renal failure either clinically sus-
protein, the M (middle) encoding a glycoprotein precur-pected for HFRS (7 cases) or caused by unknown (2 cases) or
known other causes (drugs, sarcoidosis; 5 cases) were histologi- sor, and the S (small) encoding the nucleocapsid protein
cally investigated. An established S segment-specific PCR assay (N) [4]. All hantavirus-associated illnesses caused by
was applied to RNA isolated from the biopsies, and amplifica-
Hantaan (HTN), Dobrava/Belgrade (DOB/BEL), Seoultion products were verified by direct sequence determination.
(SEO), and Puumala (PUU) viruses share various de-Results. Investigations revealed a typical histopathological
appearance for hantavirus infections in all seven suspected grees of fever and renal involvement, with or without
HFRS cases and one case of unknown cause. With five of the hemorrhagic manifestations, and are referred to collec-
suspected HFRS cases, hantavirus-specific RNA was detected.
tively as HFRS [5, 6]. The pronounced pulmonarySequence comparison revealed a close relationship to corre-
involvement associated with the human pathogenicsponding nucleoproteins of known Puumala viruses.
Conclusion. The established technique provides a simple “New World” hantaviruses is a hallmark of HPS [7, 8].
and powerful tool that expands the diagnostic possibilities, A routine diagnosis for hantavirus infections is based
especially for otherwise unidentified or retrospective cases. It
on serological methods, such as IgM m-capture and IgGfurther allows insight into the molecular epidemiology of HFRS-
enzyme-linked immunosorbent assays (ELISAs) [9–14].causing agents.
Polymerase chain reaction (PCR) was thought to have
little diagnostic value for HFRS, because at the time of
The “hemorrhagic fever with renal syndrome” (HFRS), clinical symptoms it is quite difficult to demonstrate the
a clinical syndrome associated with hantavirus infections, presence of hantaviruses in clinical samples, such as urine
has been endemic for decades in parts of Asia and Eu- or blood [1]. Appropriate samples for PCR detection
rope. Recently, a previously unknown disease, “hantavirus are fresh or frozen tissues and, to some extent, urine
and peripheral blood mononuclear cells collected early
in the course of the disease [11, 15–18]. Unfortunately,Key words: hantavirus infection, HFRS, acute renal failure, polymerase
chain reaction, kidney biopsy. biopsy materials usually get formaldehyde fixed. Until
now, this material has been shown to be of limited quality
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RNA is influenced by autolysis, preservation, and thick- ml of a buffer containing 1 m guanidinium isothiocyanate,
25 mm b-mercaptoethanol, 0.5% sarcosyl, and 20 mmness of the sections [21].
Recently, detection of Sin Nombre RNA in formalde- Tris-HCl (pH 7.4). Subsequently, samples were digested
with proteinase K (6 mg/ml) for 6 to 12 hours at 458C,hyde-fixed autopsy material of severe cases was reported
[21]. These severe cases were described to show wide- extracted with phenol/chloroform/isoamyl alcohol (vol/
vol, 1:1) twice, precipitated with ethanol, and resus-spread presence of hantaviral antigens in the endothelial
cells of the microvasculature, particularly in the lung [8]. pended in 40 ml diethyl pyrocarbonate-treated water.
RT-PCR was carried out in a single-step, single-tubeFor mild HFRS cases, such as PUU infections (nephro-
pathia epidemica), however, established techniques to reaction (100 ml) on a GeneAMP PCR system 2400 ther-
mocycler (Perkin Elmer, Weiterstadt, Germany) by theretrieve this material for PCR analysis have not been
published. Here we report on a technique to detect han- following protocol: 1 3 Taq-polymerase buffer, 0.2 mm
dNTPs (Promega, Mannheim, Germany), 350 ng of eachtavirus-specific RNA in human formaldehyde-fixed, par-
affin-embedded biopsy materials (kidney). Hantavirus- primer, 11 U AMV-Reverse Transcriptase (Boehringer
Mannheim, Mannheim, Germany), 2.5 U Taq polymer-specific oligonucleotides were used to amplify a region
of the S segment using established reverse transcription- ase (Boehringer Mannheim), and one-quarter or one-
eighth volume of the extracted RNA. One cycle of 418CPCR (RT-PCR) and nested PCR assays. This method was
applied to clinically and histologically suspected HFRS for 60 minutes (reverse transcription) was followed by
40 cycles of 948C for 40 seconds, 388C for 40 seconds,cases from Germany. All deduced amino acid sequences
derived from the patient’s nucleotide sequences were and 728C for 60 seconds. Subsequently, a nested PCR
amplification was performed using 3% of the RT-PCRmost closely related to viruses of the PUU serotype,
supporting the concept that these viruses are the primary products in 1 3 Taq polymerase buffer, 0.2 mm dNTPs,
350 ng of each nested set primer, and 2.5 U Taq polymer-cause of HFRS in Germany.
ase with 40 cycles of 948C for 40 seconds, 428C for 40
seconds, and 728C for 60 seconds. If needed, a secondMETHODS
nested PCR amplification was done with the nested set
Clinical specimens primers. PCR products were analyzed on 2% agarose
Formaldehyde-fixed and paraffin-embedded kidney bi- gels, gel purified, and directly sequenced using a cycle
opsies of eight patients with acute renal failure (A to H; sequencing protocol based on the chain termination
1993 to 1996) and one patient (I) with a chronic intersti- method [16, 17].
tial nephritis from four states of Germany (Baden-Wu¨rt-
Oligonucleotide synthesis and sequencetemberg, Hessen, Niedersachsen, and Rheinland-Pfalz)
difference analysiswere investigated in this study (Table 1). The cause of
the clinical syndrome of each case was unknown, but a The oligonucleotides were designed based on predicted
hantavirus infection was suspected (patients A to G) or hantavirus-conserved genome regions. The necessary
taken into differential diagnosis (patients H and I). Five alignments and sequence difference analyses of the
formaldehyde-fixed and paraffin-embedded biopsies from PCR products were performed with the AS program
patients suffering from drug-induced or sarcoidosis-related [22]. The following S segment-specific oligonucleotides
interstitial nephritis were taken as negative controls. were used: RT-PCR, 993(1)CCGATGTCCACCAA
CATG and 1274(2)CTTAGCTCGGGATCCAT(A/G)
Histologic examinations TC; nested PCR, 1033(1)GAATTAGGTGCATTC
All kidney biopsies were investigated by (1) conven- TTTTCTATATTGC and 1237(2)GATCTACCATTT
tional light microscopy, (2) immunohistology for immu- CTTTACCCCATTC.
noglobulins (IgA, IgG, IgM), complement factors C1q,
C3, and fibrinogen/fibrin, and (3) by electron microscopy.
RESULTS
Hantavirus-specific serology Based on the histological investigations, for patients
A to H, as well as for all negative control cases, an acuteHantavirus-specific antibodies (IgM, IgG) in patients’
interstitial nephritis, and for case I, a chronic interstitialsera were detected using ELISAs, as described pre-
nephritis were diagnosed. For case I and seven of theviously [11, 14].
clinically suspected HFRS cases with an acute interstitial
RNA extraction, RNA amplification, and sequencing nephritis (A to G), a hantavirus infection as the cause
of the disease was histologically supported. In all of theseFive sections of formaldehyde-fixed, paraffin-embed-
cases, no signs of glomerular disease, but an extensiveded tissue samples of human kidneys (5 mm each) were
infiltration of the cortical and foremost medullary peritu-cut, dewaxed by incubation in xylene for 30 minutes at
458C, and carefully homogenized with a douncer in 200 bular space (interstitium) by mononuclear cells (for ex-
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Table 1. Case history and clinical and laboratory data of the patients
Patient A Patient B Patient C Patient D Patient E Patient F Patient G Patient H Patient I
Sex/age f/56 m/25 f/40 m/29 m/51 m/45 m/42 m/15 f/42
Clinical presentation 02/94 07/93 08/93 09/93 07/95 04/96 06/96 10/93 12/93
Exposure Mayen Hann.-Mu¨nden Go¨ppingen Go¨ppingen Marburg Hanau Bad Hersfeld Giessen Hann.-Mu¨nden
(RP) (N) (BW) (BW) (H) (H) (H) (H) (N)
Laboratory
Hemoglobin g% 9.6 12.7 12.5 13.5 13.8 13.2 14.3 7.5 10.2
Leukocytes 28.0 11.4 10.3 7.15 10.7 6.2 18.8 10.8 4.5
Platelets 198,000 64,000 186,000 45,000 72,000 133,000 91,000 201,000 481,000
Creatinine mg% 3.6 6.02 6.1 4.5 7.4 3.0 2.2 2.9 1.22
Clinical symptomatic
Fever n.k. yes no yes yes no yes yes no
Headache n.k. yes yes yes yes no yes yes yes
Myalgia n.k. no yes no yes yes no no no
Kidney failure yes yes yes yes yes yes yes yes no
Pulmonary edema no no no no no no no no no
Hemorrhages yes (k) yes (k) yes (k) yes (k) yes (k) yes (k) yes (k, s) no no
Recovery yes yes yes yes yes yes yes yes no
Histology acute acute acute acute acute acute acute acute chronic
IHN IHN IHN IHN IHN IHN IHN IN IN
Serologya
IgM negative n.a. n.a. n.a. positived n.a. n.a. negative negative
IgG negative n.a. n.a. n.a. positived n.a. n.a. negative negative
Serologyb
IgM/IgG n.k. positive positive n.k. n.k. positive positive negative negative
(not differentiated) IFA 1:.512 (IgG)(IFA) IFA 1:512
PCR
Kidney (fixed)c positive positive negative positive positive negative positive negative negative
Appreviations are: BW, Baden Wu¨rttemberg, Germany; H, Hessen, Germany; IFA, indirect immunofluorescence assay; IHN, interstitial hemorrhagic nephritis;
IN, interstitial nephritis; k, kidney, N, Niedersachsen, Germany; n.a., not available; n.k., not known; RP, Rheinland-Pfalz, Germany; s, skin.
a Serology performed in our laboratory
b Serology performed in other laboratories
c PCR on RNA which had been extracted from formalin-fixed and paraffin-embedded biopsy material (kidney)
d Reacted positive and displayed PUU-specific IgM (1:6,400) and IgG antibodies
ample, monocytes, lymphocytes) and in almost all cases quences). Because of limited starting material, nested
PCR and, in some cases, even a second nested PCR wererupture of peritubular capillaries with interstitial hemor-
rhage in the medullary parts of the biopsy were observed needed to demonstrate positive amplification products
(204 nucleotides). Using S segment-specific oligonucleo-(Fig. 1 A, B). HFRS was taken into the differential diag-
nosis for case H, which showed an atypical morphologic tides, amplification products were detected with 5 (A,
B, D, E, G) of the 14 formalin-fixed, paraffin-embeddedappearance with interstitial inflammation of the renal
medulla, but no hemorrhage (Fig. 1C). In the control kidney tissues (Fig. 2). Two of the suspected HFRS cases
(C, F), cases H and I, and all controls were negative incases (5 biopsies), pathological findings were clearly dis-
tinct. Drug-induced interstitial nephritis was character- PCR amplification.
All positive PCR products were directly subjected toized by mononuclear cells and granulocytes, especially
eosinophilic granulocytes, in the interstitium without in- dideoxy cycle sequencing analyses, which revealed unique
hantavirus S segment sequences for all PCR-positiveterstitial bleeding, and sometimes the presence of granu-
lomata (data not shown). Granulomatous interstitial ne- cases (Fig. 3A). The amplification product derived from
kidney material of case G could only be partly se-phritis (nodular arrangement of large macrophages
surrounded by T-lymphocytes) associated with intracel- quenced. Sequence difference analysis of the S segment
sequences (152 nucleotides of the amplification product;lular and extracellular calcifications indicated a renal
involvement in cases of sarcoidosis (Fig. 1D). position 1061-1212 of aligned sequences) showed that
all mutations found were single base exchanges that wereFor molecular confirmation, RNA was extracted from
all 14 formaldehyde-fixed and paraffin-embedded kidney mostly located at the third position of a codon (Fig. 3A).
The homologies to PUU berkel, thus far the only knownbiopsies. RT-PCR was performed using a single-step,
single-tube reaction to avoid cross-contamination. The human-derived German sequence, and PUU 90-13, a
French PUU isolate, ranged from 82.89 to 88.16% andtarget sequence for amplification was located on the S
segment (282 nucleotides) of the hantaviral genome 82.24 to 93.45%, respectively (data not shown). Align-
ments of the deduced amino acid sequences revealedwithin in the open reading frame encoding the nucleo-
protein (position 993-1274 of aligned S segment se- either no (A) or single (B, D, E, G) alterations of con-
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Fig. 1. Histopathology. (A and B) Typical morphologic appearance of HFRS in the kidney biopsy of patient B (panel B, higher magnification).
In the medulla of the kidney extravasated erythrocytes surrounded distal tubules and collecting ducts. A slight to moderate mononuclear infiltrate
was noted in the interstitium. Preglomerular vessels and glomeruli did not show abnormalities (not shown). Note that the virus infection was
confirmed by serology and PCR (Table 1). (C) Suspected case with atypical morphologic appearance of HFRS in the kidney biopsy (patient H).
In the medulla of the kidney, mononuclear cells infiltrated the widened interstitium that demonstrated an increase in matrix. No medullary
hemorrhage was detected. As in panel A, the tubular epithelia were slightly flattened. Note that no evidence for virus infection was found by
serology and PCR (Table 1). (D) Morphological appearance of interstitial nephritis in the kidney biopsy of a patient diagnosed with sarcoidosis
(kidney involvement). A granuloma in the peritubular space and a light to moderate mononuclear cell infiltration in the interstitium was observed.
No medullary hemorrhages were detected.
served amino acids in the nucleoprotein (position 336 of hospitalization by commercial indirect immunofluo-
rescence (IFA) or ELISA assays (Table 1). In four casesto 385). The amino acid comparison confirmed PUU
nucleoprotein-like sequences in all cases (Fig. 3B). (B, C, F, G), hantavirus-specific antibodies were docu-
mented. In our laboratory, serology was done on fourFor six of the cases (B, C, F, G, H, I), hantavirus-
specific serology had already been performed at the time cases; only the serum of patient E displayed PUU-specific
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Fig. 2. Electrophoretic analysis of amplifica-
tion products. RNA was isolated from formal-
dehyde-fixed and paraffin-embedded kidney
biopsies. RT-PCR was performed in a single-
step, single-tube reaction using S segment-spe-
cific oligonucleotides. Following nested ampli-
fication, products were analyzed on 2% aga-
rose gels. Lanes 1 and 12, DNA standard IX
(Boehringer Mannheim). Lanes 2, 4, 6, 7, and
8 represent suspected HFRS patients E, B, D,
G, and A, respectively. Lanes 3 and 5 show the
negative controls for RNA extraction. Lane
9 represents a control patient who was not
suspected for HFRS. Lane 10 shows the posi-
tive amplification control and lane 11 shows
the negative amplification control. The ampli-
fication product of 204 bp is marked. Note
that for sequence determination, amplification
products were gel purified and directly se-
quenced using a cycle sequence protocol based
on the chain termination method [16, 17].
IgM (titer 1:6,400) and IgG antibodies (Table 1). All identified cases or retrospective analyses. Furthermore,
five cases of acute renal failure caused by other causes the method allows the ability to gain insight into the
(negative controls) were serologically negative. molecular epidemiology of HFRS-causing agents.
In total (Table 1), all of the seven clinically suspected Noteworthy is the observation that positive amplifica-
HFRS cases (A to G) displayed an acute interstitial ne- tion products could be obtained for a seronegative case
phritis and showed the typical morphologic appearance (patient A; Table 1 and Figs. 2 and 3). Generally, it is
of HFRS (Fig. 1). For all of these cases, a hantavirus believed that hantavirus infections may lead to a humoral
infection was serologically and/or molecularly (PCR) immune response in an immunocompetent individual.
confirmed. For cases H, displaying an atypical morpho- IgM-specific antibodies can usually be detected at the
logical appearance, and I with a chronic interstitial ne- time of the disease onset, and IgG-specific antibodies
phritis, no evidence for a hantavirus infection was ob- are thought to develop within several weeks thereafter
tained. All five control cases of acute renal failure caused and last for many years [24–26]. However, hantavirus-
by other causes (sarcoidosis, drug related) showed a dif- specific serology on a recent serum sample remained
ferent morphological appearance and were negative in negative (Table 1). The patient is not described as being
PCR and serology. immunodeficient, a fact that may have explained the
negative serology. Cross-contamination is a well-known
problem in diagnostic PCR, especially if nested ap-DISCUSSION
proaches are used. This applies to laboratories workingIn this study, we established a protocol for the extrac-
routinely with different hantavirus prototypes, as welltion and amplification of hantaviral RNA from human
as cloned hantaviral cDNA for diagnostic and researchformaldehyde-fixed and paraffin-embedded tissues. The
purposes. In addition to clean and separated workingprotocol has been adjusted to amplify small amounts of
areas for the different steps in a PCR protocol [16],viral RNA, in order to detect mild HFRS cases caused
several methods have been described to demonstrate theby PUU infections in kidney biopsies. The very small
authenticity of PCR products [27, 28], of which directamount of material forced us to base the protocol on a
sequencing of the products is the most reliable. Becausenested PCR approach, which was sometimes even linked
the sequence obtained from the case patient kidneyto a second nested amplification round. Because the ma-
biopsy (Fig. 3) was unique among all known hantavirusterial is inactivated (formaldehyde-fixed), the procedure
sequences and did not match with any of the sequencesdoes not need biosafety containment and can be per-
that have been obtained by sequencing patient materialsformed in any laboratory equipped for RNA work and
in our laboratory, a cross-contamination is very unlikely.PCR amplification. Because of limitations given by biopsy
Despite the negative serology, the positive PCR resultstechniques and the amount and conservation of provided
are in line with the clinical and histological observationsmaterial, this procedure cannot substitute other diagnos-
(Table 1). Thus, it could be considered that hantavirustic assays, such as serology (cases C, F) and histochemis-
infections rarely occur without an appropriate immunetry. It provides, however, a powerful tool that expands
the diagnostic possibilities, especially for otherwise un- response, or that with some patients the specific antibod-
Fig. 3. (A) Alignment among the patient nucleotide sequences in the current study and sequences of previously published hantaviruses. The
alignment is based on nucleic acid sequences from positions 1061 to 1212 of the aligned hantaviral S segment sequences. (B) Comparison of the
deduced amino acid sequences with previously published hantavirus nucleoproteins. Amino acid sequences (positions 336 to 385 of the aligned
nucleoprotein sequences) deduced from the patients’ nucleotide and published hantavirus sequences were compared with PUU berkel [17].
Abbreviations used are as follows: PUU, Puumala virus; PUU berkel (L36943), nucleotide sequence of a German Puumala case [17]; PUU A,
PUU D, PUU E, PUU B, PUU G, sequences of case patient kidney biopsies (Table 1); PUU 90-13 (U22423), Puumala isolate from France [23];
PUU cg1820 (M32750) and PUU udm (Z21497), Puumala isolates from Russia; PUU sotkamo (X61035), Puumala isolate from Finland; Tula
(Z30943), Tula virus; PH phv1 (X55128), Prospect Hill virus; FC sn (L25784), Four Corners virus, isolate Sin Nombre; SEO sr11 (M34881), Seoul
virus; HTN 76-118 (M14626), Hantaan virus; asterisk, the sequence of the amplification product could only be partly determined. Note that the
numbers in parentheses indicate the corresponding GenBank accession numbers.
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